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® High temperature polylmlde processing aid. 

@ A high temperature processing aid for melt processing 
polylmlde polymers and a method of doing same wherein a pyr- 
roltdone based high boiling point solvent is added to a polyimide 
polymer In smounts sufflcisnt to lower the glass transition tem- 
perature of said polylmlde. 
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" High temperature po lYimide processing aid " 
AS Is known, the melt processing of highly aro- 
matic polylmldes Is extremely difficult In that one 
usually experiences a degradation of the polymer In 
that its softening temperature exceeds its thermal 
stability. Such polyimldes Include homopolymers and 
copolymers such as polyamlde-imldes , polyester-lmides , 
polylmlde amide- imides and the like as well as blends 
of such polylmldes providing they are sufficiently 
linear to be melt processed. 

By definition, melt processing means the appli- 
cation of pressure and temperature for some time period 
to cause a plastlcized polymer to flow. Flow in this 
context implies deformation of the material beyond 
that achieved by the same processing condition applied 
to an unplasticlzed polymer. 

Accordingly, it is an object of the present in- 
vention to provide a non-reactive, high t^perature 
processing aid as a plasticlzer for rendering predo- 
minantly linear aromatic polylmldes melt processlble. 

It is another object of the present invention 
to provide a processing aid for predominantly linear 
polylmldes which is Inexpensive to use and is compatible 
with injection molding techniques. 

According to the invention, there is provided 
a high temperature processing aid for melt processing 
polylmlde polymers comprising a pyrrolldone based 
solvent having a boiling point of at least about 250^ C. 

There is also provided a method of preparing 
polylmlde polymers for melt processing comprising 
combining said polylmlde polymer with a pyrrolldone 
based solvent in an amount sufficient to lower 

the glass transition temperature of said polylmlde 
polymer, said pyrrolldone based solvent having a boiling 
point of at least about 250^ C. 

As is known in the art, the processing of poly- 
lmldes is difficult in that, in general, polyimldes 
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have a relatively narrow processing temperature window. 
In other words, the softening temperature and the 
temperature at which thermal degradation takes place 
are relatively close. As a rule of thumb, it has been 
5 suggested that for processing amorphous polymers the 
melt temperature should be in the range of Tg + 80 to 
100^ C for compression molding, Tg + 100 to 125^ C for 
screw extrusion and Tg 4- 125 to 150^ C for injection 
molding • Since thermal instability of polyimides 

10 begins to occur at about 375^ C, depending on time 

of exposure, polyimides having a Tg above about 275^ C 
cannot be melt processed by the more common methods. 

As an example of the above, a polyimide sold 
commercially as PI-2080 by UpJohn Corporation has an 

15 atmospheric pressure Tg of about 310^ C. In that as 
a rule, maximum processing temperature has been found 
to be only 370^ C, commercial products ( solid shapes ) 
based on PI-2080 cure presently made by atypical, time 
consuming processing methods such as : 

20 1- low pressure compression molding with cycle 

times of many hours, 

2. ram extrusion at fractional rates of normal 
polymer profile screw extrusion rates, and 

3. sintering of high pressure, low temperature 
25 formed shapes analogous to powder metallurgy. 

In each case, high viscosity prevents fast processing. 

In the present invention, thermal stabilizers 
in amounts of from 0,25 % to about 5,0 % by weight 
are optionally used to increase the maximimi temperature 

30 for processing so as to further reduce the viscosity 
and to plasticize the polyimide with a high boiling 
point, compatible fluid. Preferably, such stabilizers 
are of high molecular weight and low volatility. 
Examples of useful thermal stabilizers are the hindered 

35 amine types such as Naugard 445 by Uniroyal Corp, 

phosphite types such as Naugard PHR by Uniroyal Corp, 
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and the phenolic types such as Goodrite 3114 by 
B.F. Goodrich Corp. In this regard, compatibility 
is important for polymer viscosity reduction and for 
increasing the inherent boiling point of the plasti- 
5 cizer within the polyimide matrix. The final Tg of 

the polymer/plasticizer system depends on the quantity 
of plasticizer remaining which is a function of pro- 
cessing history. PreferedDly, the final Tg should be 
above the continuous use temperature which is typically 

10 about 260^ C. 

While thermal stabilizers do, in fact, broaden 
the processing window for polyimides, they do not, 
by themselves, permit fast polyimide processing in 
that even at 410^ C the viscosity of the polymers 

15 are about two orders of magnitude too high. 

In order to meet the desired processing tempe- 
rature and avoid themnal degradation, it has been 
found that the addition of a high boiling point solvent 
plasticizes the polyimide and allows the depression 
' 20 of the Tg of the polyimide so as to permit melt pro- 
cessing thereof without causing excessive gaseous 
release of the solvent. Thus, such a solvent plasti- 
cizer while aiding in processing does not substantially 
reduce the key properties of the polyimide polymer 

25 at room temperature or at temperatures up to 250^ C . 

With regard to the above, it has been found 
that pyrrol idone based high boiling point solvents 
such as N-cyclohexyl-2-pyrrolidone ( CHP ) emd diamine- 
propyl pyrrolidone ( DAPP ) when employed with a poly- 

30 imide do, in fact, depress the Tg of the polymer to 
such a point as to permit melt processing without 
thermal degradation. 

In the present invention, the term polyimide is 
meant to include homopolymers and copolymers such as 

35 polyimide-imides , polyamide-imides , polyester-imides , 
polyimide-amide-imides cuid the like as well as blends 
of such polyimides providing they are sufficiently 



0148719 

— 4— 

linear so as to be melt processed, crosslinking 
possibly occurring subsequent to shaping. 

Further, it has been found that the amount of 
high boiling point solvent/plasticizer to be used 
should be from about 1 % to about 10 % by weight, pre- 
feraialy from about 3 % to about 10 % by weight. 

The following examples are given to further 
illustrate the present invention. 

In order to demonstrate the effect of the pyrro- 
lidone based high boiling point solvents on the Tg of 
polyimides, a series of differential scanning calo- 
rijnetry (DSC) tests were made on the polyUnide polymer 
PI-2080 manufactured by UpJohn Corporation which has 
been modified in the following ways : 

a. By the addition of 3 %, 5 % and 10 % hy weight 
of N-cyclohexyl -2-pyrrolidone (CHP) solvent » 

b. by the addition of 3 % by weight of diamino- 
propylpyrrolidone ; 

c. by the addition of 3 % by weight 
N-cyclohe3cyl-2-pyrrolidone plus 10 % by 
weight dimethyl formamlde ; 

d. by the addition of 3 % by weight 
N-cyclohexyl-2-pyrrolidone plus a thermal 
stabilizer and a heat cycle. 

In this testing, all samples of the PI-2080 polyimide 
were prepared using dimethylformamide and/or acetone 
as a volatile diluent for the addition of the solvent 
to aid dispersion into the polymeric powder. According- 
ly, about 10 grams of powder and an equal amount of 
acetone were mixed to which was added the appropriate 
amount of additive which was also reduced with an 
equal amount of acetone. This mixture was placed in 
a hood and allowed to stand overnight to allow the 
acetone to evaporate and to allow the additive to diffuse 
into the polymer powder particles. The heating rate 
for the DSC was 10° C/minute. The normal boiling point 
of dimethylformamide (DMF) is relatively low compared 



20 



25 



30 



r t/s about 284° C for CHP. 

or 
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to the pyrrolidones, 155° C vs about 284* 
Thus, drying at elevated temperature near 
above the boiling point of the dmf but below the boiling 
point of the pyrrolidone effectively removes the DMF. 
Interactions between the pyrrolidones and polyimides 
have been found to increase the effective boiling 
point of the pyrrolidone which then allows a higher 
processing temperature for the polyimide. 
Example no. ^9 

1. pi-2080 305-310 (as received) 

2. PI-2080, 10 % CHP 245 
Air dried 

3. PI-2080, 3 % CHP 255 
Air dried 

4. PI-2080, 3 % DAPP 270 
Heated and cooled 

5. PI-2080, 3 % CHP 290 
Oven dried 

6. PI-2080, 3 % CHP 300 

Dried at 200° C 



7. PI-2080, 3 % CHP 300 
Dried at 250° C 

8. PI-2080, 5 % CHP 300 

Dried at 250° C 

9. PI-2080, 3 % CHP 300 
1.0 % stabilizer 

Dried at 250° C 

10. PI-2080, 3 % CHP 220 
10 % DMF 

11. PI-2080, 3 % CHP 265 
Dried 1 hr at 150" C 

12. PI-2080, 3 % CHP 295 
10 % DMF - 

Dried 1 hr at 200 C 



From the DSC testing in general and from the 
chart given above, it is noted that the pyrrolidone 
based solvents effectively reduces the Tg of the 
polyimide polymers and the amount used determines the 
35 Tg which can range from about 245° C to 300 C. 

The following examples are provided to show 
the value of depressing the Tg of a polyimide with a 
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pyrrolidone based solvent so that the polylmide may 
be melt processed s e.g., compression molded. 

In the following examples, Pl-2080 polylmide 
in powder form was molded at three different tempera- 
tures to Obtain some measure of the processing window 
as judged by the amount of flow. Additionally, samples 
containing 3 % and 10 % N-cyclohexyl-2-pyrrolidone 
which was added before molding were also prepared 
in each case, the powder was compression molded 
between Kapton film release sheets and sandwiched 
between steel plates. 

In each test example, the results of which are 
smnmarized below, a sample of about 6 grams was used 
and the molding temperature was reached generally in 
less than 15 minutes under a ram load force 44482 N 
Exam. ^ % CHP Temp.°c Area cm^ Press 10^ pa 



12 0 327 



, ^'^4 802 0,007 

14 I . '''' «4 0,020 

0 383 34,2 130 

36,84 120 

53,55 83 



15 3 383 

16 10 383 



0,26 
0,30 
0,65 



" " ^1'" 1" 0,23 



19 10 411 



3 411 27,81 160 



34,90 127 



0,17 
0,27 



As will be noted from the above, the presence 
of the N-cyclohexyl-2-pyrrolidone improves the flowa- 
bxlxty Of the polylmide polymer during compression 
molding. Further, as the content of the CHP is increased 
at constant temperature, flowability is also increased 
Processing at too high a temperature may cause a 
decrease in flowability due to degradation. 
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CLAIMS 

1. A high temperature processing aid for melt 
processing polyimide polymers comprising a pyrrol idone 
based solvent having a boiling point of at least about 
250^ C. 

2. A processing aid as claimed in claim 1, 
wherein said pyrrol idone based high boiling point solvent 
is W-cyclohexyl-2-pyrrolidone. 

3. A processing aid as claimed in claim 1, 
further including a thermal stabilizer present in an 
amount of from about 0,25 % to about 5 % by weight, 

4. A processing aid as claimed in claim 1, 
wherein said solvent is present in an amount sufficient 
to lower the glass transition temperature of said 
polyimide upon processing of said polyimide. 

5* A processing aid as claimed in claim A, 
wherein said amount of solvent is from about 1 % to 
about 10 % by weight. 

6. A method of preparing polyimide polymers 
for melt processing comprising combining said poly- 
imide polymer with a pyrrol idone based solvent in an 
amount sufficient to lower the glass transition tem- 
perature of said polyimide polymer, said pyrrolidone 
based solvent having a boiling point of at least 
about 250^ C. 

7. A method as claimed in claim 6, wherein 
said solvent is N-cyclohexy 1-2 -pyrrol idone. 

8. A method as claimed in claim 6, wherein a 
thermal stabilizer is combined with said polyimide 
and said solvent. 

9. A method as claimed in claim 8, wherein 
said thermal stabilizer is of a type which is a member 
of the group consisting of amines, phosphites and pheno- 
lics. 

10. A method as claimed in claim 8, wherein said 
thermal stabilizer is present in an amount of from 
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about 0,25 % to about 5 % by weight. 

11. A method as claimed in claim 6, wherein 
said solvent is present in an amount of from about 
1 % to about 10 % by weight. 
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